Objective: To evaluate the long-term outcome of atticotomy (AT) surgery for cholesteatoma in children. Study Design: Case series, retrospective chart review. Setting: General otology practice in a teaching hospital. Patients: Fifty-three children aged 5 to 16 years old with cholesteatoma limited to the attic and middle ear who underwent AT between the years 1979 to 1994. Interventions: AT consisting of removal of cholesteatoma confined mainly to the attic. The procedure consists of removal of the lateral attic wall (scutum) and involved ossicles with excision of the cholesteatoma and tympanic membrane grafting with temporalis fascia, leaving a small attical cavity. The mastoid antrum was left intact. Main Outcome Measures: Disease recurrence, middle ear status, hearing results, and the need for further surgery.
There are many considerations in choosing a surgical approach for cholesteatoma in children. In canal wall down tympanomastoidectomy (TM), there can be difficulty in caring for the cavity postoperatively. Canal wall up procedures leave a normal anatomy of the external canal; however, there is a higher recurrence/residual rate and need for additional surgeries. There are also developmental considerations with the eustachian tube function changing with age.
When acquired cholesteatoma is limited mostly to the attic and tympanum, it can be removed without performing mastoidectomy (i.e., atticotomy [AT] ). This can be accomplished through an endaural approach after the cholesteatoma from the middle ear upward. Ossicular reconstruction and grafting of the tympanic membrane can follow.
Long-term results of cholesteatoma surgery have been reported and described previously after radical mastoidectomy (1, 2) , after canal wall down TM (2) (3) (4) , and after posterior tympanotomies (canal wall up TM) (1, 3) . The current study presents long-term results of AT in cholesteatomatous ears in children.
AT has been described in the past, and in some series of surgery for cholesteatoma has been performed in 14% of surgical procedures (1) . Obviously, an advantage is a less invasive approach. In 1974, Donald and colleagues (5) advocated the advantages of AT in certain cases of cholesteatoma. Later, they showed comparative hearing results compared with other forms of TM (6) . There is inadequate data regarding results of this AT approach in children, and longterm follow-up is needed to evaluate the success of this approach in selected cases. The pediatric population is special because of developmental factors. In this age group, the pathophysiology of middle ear aeration is ongoing, and thus the importance of follow-up documentation. This study concerns long-term results of 53 cholesteatoma cases in children treated with an AT.
MATERIALS AND METHODS
A retrospective chart review of all children less than 16 years of age at surgery who had an AT performed for cholesteatoma at Meir General Hospital between 1979 and 1994 was performed. Diagnosis of cholesteatoma was based on preoperative micro-otoscopic examination. The operative reports were evaluated, and only those who had a confirmed attic cholesteatoma or deep infected retraction pocket (RP) in which AT was performed were included.
Outpatient records were reviewed for follow-up data. When insufficient follow-up was observed, a clinic visit was initiated and the child examined to verify long-term results. Patient data, pre-and postoperative audiometry, previous surgery, surgical findings, need for revision surgery, and status of ear at last follow-up were tabulated.
Surgical Technique
AT was performed using an endaural approach. A tympanomeatal flap was elevated, revealing the scutum, which was removed by drilling. The cholesteatoma and involved ossicles were removed. Ossiculoplasty using various techniques was performed if feasible. Grafting of the tympanic membrane was performed using a temporalis fascia graft underlay. Figure 1 illustrates the final surgical result.
RESULTS
A total of 53 ears underwent AT, 35 (66%) male and 18 female. The mean age at surgery was 10.7 6 3.3 (5-16) years. Nineteen (36%) had previous ventilation tube (VT) insertion. The average time span between AT and VT was 4.3 6 3.0 (1-10) years. Previous history of aural discharge of over 1 year was found in 25 patients, whereas a short-term discharge of less than a year was seen in 10 patients. In 18 patients, history of discharge could not be determined on the basis of the records. Table 1 summarizes the results.
The mean preoperative speech recognition threshold was 39.4 6 13.4 dB with an air-bone gap (ABG) of 27.0 6 12.3 dB. Four patients had a preoperative sensorineural hearing loss of 20 to 30 dB.
In the operative reports, 18 (34%) ears had scutum erosion. In 38 (72%) ears, ossicular removal, the malleus, incus, or both were removed. The operative finding of attic cholesteatoma was confirmed in 43 (82%) ears. Ten (18%) patients had a finding of a large, infected RP limited to the attic. Fifteen cases had primary ossicular reconstruction, and otherwise a tympanostapedialpexy was attempted.
The mean postoperative follow-up was 5.1 6 3.6 (range 2-18) years. Ten (19%) patients required canal wall down TM during the follow-up period because of residual or recurrent cholesteatoma. Eleven (21%) patients underwent second-look or revision procedures that involved removal of epidermal cysts, ossiculoplasty, and tympanoplasty. Seven (13%) patients required VTs during the follow-up period. The mean time between the initial surgery to revision surgery was 23.8 6 21.6 months. Only one patient required a meatoplasty because of an external canal stenosis caused by scar tissue. One patient underwent cortical mastoidectomy because of acute mastoiditis. Table 2 summarizes the operative findings.
Recurrent or residual cholesteatoma requiring revision TM was performed in a total of 11 (21%) patients. Of these cases, 9 of 11 (82%) had an initial finding of cholesteatoma. Twelve percent (2 of 11) of patients with an initial finding of an infected RP required additional TM surgery (odds ratio = 1.0). Of the 23 patients who had both incus and malleus removed at initial surgery, 7 of the 11 revision TMs were performed. These numbers are inadequate to isolate ossicular removal as risk factor of recurrence.
The hearing results at last follow-up revealed a speech recognition threshold of 34.5 6 15.4 with an ABG of 22.8 6 12.4. This shows an average improvement of 4.9 dB. Compared with preoperative hearing, 13 patients had deterioration in hearing between 5 to 30 dB (average 15.0 6 8.9). Six patients had no change in hearing. A total of 35 (66%) of patients had an improvement in hearing of 5 to 35 dB (average 15.8 6 9.2). In two patients, the hearing results could not be obtained. None of the patients showed deterioration in bone-conduction thresholds. The interim hearing results before and after revision surgery was not uniformly reported and therefore not presented in the analysis. Hearing results in patients undergoing revision TM trended to be worse, but this was not statistically significant. Table 3 summarizes hearing results.
Examination of ears on last follow-up revealed a dry ear in 52 of 53 (98%) of patients. Only one patient had minimal discharge from a small RP. Three patients had dry perforations. Eight patients had some degree of atelectasis. There was a functioning VT in two patients.
DISCUSSION
There are many dilemmas regarding surgical treatment of cholesteatoma in children. It would be a desirable goal to avoid a mastoid cavity and the related morbidity in childhood and opt for a more conservative surgical approach with an attempt to preserve the canal wall and obtain a dry and functional ear.
The technique of AT has been previously described (5, 6) . In one study, 54 patients were described with longterm follow-up, only 11 of which were children (7). All cases required reexploration, and in 11%, recidivism was found. This was much higher in children, with 5 of 11 showing residual cholesteatoma, emphasizing the aggressiveness of the disease in children. In those patients, reconstruction of the removed canal was performed whereas in our study a small attical cavity was left without reconstruction. We believe this may avoid the necessity of a mandatory second look procedure.
In comparison, canal wall up TM in children with cholesteatoma has shown various results. Dodson et al. (8) showed a total recidivism of 41%, 19% residual and 22% recurrent cholesteatoma. The results in our study are considerably better, with only 21% recidivism; however, these were selected cases with cholesteatoma or infected RP limited to the attic and middle ear without extension to the mastoid antrum. This only emphasizes the conclusion that in the presence of limited cholesteatoma, a more limited surgery would be appropriate and therefore the dictum to ''follow the disease.'' Even though we considered the disease to be limited, the preoperative ABG was 27.0 6 12.3 dB. This may be caused by the unique pediatric population or underestimation of extent. Duckert et al. (7) had a similar preoperative ABG of 26.9 dB.
Roger and colleagues (9) searched for correlates of recidivism in 256 children with cholesteatoma. Of interest was the finding that the same risk of recurrent or residual cholesteatoma exists regardless of the finding of a RP or frank cholesteatoma. We also found no relative risk between these findings. They also found no correlation with the surgical technique, either ''opened'' or ''closed.'' This further justifies a limited AT approach in selected cases.
Recurrence rates after cholesteatoma surgery show a wide range between studies and are dependent on many factors, including extent of disease and surgery but also the actual statistical method applied (10) . However, of most importance is duration of follow-up. Therefore, it is difficult to compare ''success'' rates between studies. We could not find a comparative study with ours that chose a similar selected group of patients who were followed up for such a long term.
Of interest in this study was the finding that 19 patients (36%) had undergone previous VT insertion. VT insertion is considered to be an important reason for a decline in the rate of cholesteatoma (11) . Obviously, VT insertion does not make a child immune from the later appearance of cholesteatoma.
A retrospective study has its limitations, as seen in this study. The variety of surgeons, incomplete documentation, and subjectivity of the reports limit the validity. However, this is a very homogeneous cohort with a single intervention and long-term follow-up of a unique surgical procedure.
In this study, a conservative approach was chosen in a selected population of children. However, instead of the standard canal wall up TM, an AT was performed for disease limited to the attic. This less invasive approach does not require antrotomy and is tailored to the extent of the disease. By ''following the disease,'' the extent of surgery can be decided upon during surgery, thus allowing for a less invasive approach in selected cases. This less invasive approach resulted in a small and clean attical cavity with good long-term results regarding hearing and recurrence. However, it should be emphasized that the results in this study were obtained in a highly selected group of patients with cholesteatoma limited to the attic and mesotympanum. 
